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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Since it was first discovered over 200 years ago, major advances have been 
made in the development of titanium, from the understanding of basic metallurgy to 
the continued development of improved alloys.  These developments are more 
related to the increasing demands of the aerospace and automotive engine component 
manufacturing industry. 
 
 
Titanium aluminides are among the most famous titanium alloys that have 
been newly developed over the late few decades.  These are intermetallic compounds 
consisting of Ti3Al (α2) and TiAl (γ) with high strength-to-weight ratio, exceptional 
resistance to corrosion, excellent fatigue crack growth resistance and good creep 
property.  Although the fatigue performance of titanium aluminides is unsatisfactory 
at near ambient temperatures, their enhanced fatigue crack growth behavior at high 
temperature provides the gas turbine designer with an opportunity to exploit the 
strength-to-weight advantages of titanium based systems at temperatures 
approaching 1000oC (Duncan et al., 1989).  The fatigue crack growth resistance of 
titanium aluminides, relative to their tensile strengths, is as good as or better than 
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steels, many showing an endurance ratio above half, is superior to most other 
structural metals (Kim et al., 1991).  It is this high strength-low density 
characteristic, which has made titanium aluminides attractive candidates for 
applications in aerospace engines components.  The future of titanium aluminides is 
bright and influenced by developments in new products which enable the 
optimization of microstructure and mechanical properties in order to meet the 
demands from aerospace and automotive industries (Kim et al., 1991). 
 
 
Fatigue crack growth resistance is one of the most important mechanical 
properties for γ-TiAl applications as structural materials, which have been studied by 
several researchers.  Previous studies have indicated that the mechanical properties of 
gamma titanium aluminides strongly depend on the microstructure of the alloys. 
There are three typical microstructures of gamma titanium aluminides: lamellar 
microstructure, equiaxed γ microstructure and duplex microstructure.  Of these 
microstructures, previous studies reported that lamellar microstructure displayed 
excellent fatigue crack growth resistance (Gnanamoorthy et al., 1996).  The 
microstructures in TiAl can be varied by heat treatment or by addition of β-stabilizing 
elements such as chromium, niobium, and vanadium.  The addition of Cr to the binary 
TiAl has been reported not only to improve the room temperature ductility, but also to 
improve the high temperature oxidation resistance and some mechanical properties of 
the alloys (Takeyama et al., 1998).  These excellent alloying effects make chromium a 
unique element among other β-stabilizing elements. 
 
 
 The objective of present study is to investigate the effects of chromium on the 
microstructures, mechanical characterizations, fatigue crack growth behavior at room 
temperature and fractography of Ti-48Al alloys and to better understand the 
mechanism of fatigue crack growth in the alloys.  Microstructural studies, hardness 
tests, tensile tests and fatigue crack growth tests at room temperature have been 
carried out using as-cast Ti-48Al, Ti-48Al-2Cr, Ti-48Al-4Cr and Ti-48Al-8Cr with 
near fully lamellar microstructure. 
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1.2 Objectives of the Study 
 
 
The objective of this study is to evaluate the effects of chromium additions on 
the fatigue crack growth behavior of as-cast gamma titanium aluminides (Ti-48Al) at 
room temperature (27oC). 
 
 
 
 
1.3 Scope of the Study 
 
 
The scope of this study include the following: 
 
(a) Investigation on the effects of addition of chromium on microstructure, 
mechanical properties and particularly fatigue crack growth behavior of 
as-cast Ti-48Al-xCr alloys (where x = 0, 2, 4, 8 at %). 
(b) Establish the relationship between microstructure and fatigue crack 
growth properties of Ti-48Al-xCr alloys. 
(c) Identify dominant fatigue fracture mechanism of Ti-48Al-xCr alloys. 
 
 
 
 
 
 
 
 
 
 
 
 
 
